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(57) Abréegée/Abstract:

A wellbore system comprising a borehole (5, 7, 9) formed In the earth formation, the borehole being provided with a valve (60, 26,
62) having a passage for a stream of fluid flowmg from an upstream side of the valve to a downstream side of the valve, a closure
member (44) exposed to a drag force exerted by the stream and movable relative to the passage (40) between an open position In
which the closure member allows fluid to flow through the passage and a closed position in which the closure member closes tr
passage, said drag force biasing the closure member to the open position thereof, and a spring (48) exerting a spring force to th
closure member biasing the closure member to the closed position, wherein the spring force when the closure member Is In tr
closed position exceeds a selected lower limit of the drag force.
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(57) Abstract: A wellbore system comprising a borehole (5, 7, 9) formed in the earth formation, the borehole being provided with
~~ a valve (60, 26, 62) having a passage for a stream of fluid flowing from an upstream side of the valve to a downstream side of the

01

valve, a closure member (44) exposed to a drag force exerted by the stream and movable relative to the passage (40) between an open

position in which the closure member allows fluid to flow through the passage and a closed position in which the closure member

O closes the passage, said drag force biasing the closure member to the open position thereof, and a spring (48) exerting a spring force
to the closure member biasing the closure member to the closed position, wherein the spring force when the closure member 1s 1n
the closed position exceeds a selected lower limit of the drag force.
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The present 1nvention relates to a wellbore system

comprising a borehole formed in the earth formation, the

borehole being provided with a valve having a passage for a

r— g
p—

stream of fluid flowing from an upstream side of the valve

to a downstream side of the valve. In the practice of
production of hydrocarbon fluid from a wellbore valves are
generally applied to control the flow rate of the produced

—F
pu—

f the wellbore 1n case of an emergency.

fluid or to shut o:

Ssuch valves generally allow flow of fluid through the

borehole 1n both directions thereof.

A wellbore system 1s described in US patent

No. 5,055,007/, In the known system a one—way valve 1S

gro—
p—

arranged 1n a drill string to control the inflation of an

inflatable packer that seals of the annular space between

)

the drill string and borehole wall during a pressure test of

the well.

US patent No. 5,293,905 discloses a pipeline plug
which can be locked within the pipeline by a pressure

responsive locking mechanism.

It 1s an object of some embodiments of the

invention to provide a wellbore system comprising a borehole

formed 1n the earth formation, the borehole being provided

rl-'
P

with a valve allowing flow of fluid in one direction through

the borehole and preventing flow of fluid in the other

direction through the borehole.

In accordance with the invention there is provided

a wellbore system comprising: a maln borehole and at least

one branch borehole arranged to produce hydrocarbon fluid

from an earth formation to a common hydrocarbon fluid

production facility; and a plurality of wvalves, each valve
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of said plurality of wvalves being fixedly arranged in a

corresponding one of said boreholes; each valve of the

plurality of wvalves having a passage for a stream of fluid

flowing from an upstream side of the valve to a downstream

side of the valve, a closure member movable relative to the

passage between an open position in which the closure member

allows fluid to flow through the passage and a closed

position in which the

closure member closes the passage and

a spring exerting a spring force to the closure member

blasing the closure member to the closed position; wherein

P

the closure member of

each valve 1s exposed to a drag force

exerted by a stream o:

. hydrocarbon fluid passing through the

fluid passage of the valves, said drag force biasing the

closure member to the

open position thereof; wherein the

spring force moves the closure member into the closed

—re

position 1f the spring force exceeds a selected lower limit

of the drag force.

Suitably the wvalve is oriented in the borehole in

a manner that the closure member is biased to the open
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position thereof by the drag force exerted by the stream
pumped through the borehole in downward direction
thereof.

Preferably the valve is oriented in the borehole in a

5 manner that the closure member i1s biased to the open

position thereof by the drag force exerted by the stream
flowing through the borehole in upward direction thereof.

The invention will be described further in more
detail and with reference to the accompanying drawing in

10 which

Fig. 1 schematically shows a wellbore system
according to the invention formed in an earth formation;
and

Fig. 2 schematically shows an embodiment of the valve

15 applied in the wellbore system according to the

invention.

Referring to Fig. 1 there 1s shown a wellbore
system 1 formed i1n an earth formation 3, the wellbore
system including a main borehole 5 and two branch
20 boreholes 7, 9 extending from the main borehole 5 into
the earth formation 3 at respective borehole junctions
10, 12. The main borehole 5 1s at its upper end in fluid
communication with a hydrocarbon gas production facility
14 provided with a production control valve 15 arranged
25 at surface. The boreholes 5, 7, 9 extend into respective
hydrocarbon gas reservoirs 16, 18, 20 of mutually

different gas pressures, whereby the gas pressure Pq in

reservoir 20 1s higher than the gas pressure P5 in

reservoir 18, and the gas pressure P, 1in reservoir 18 is
30 higher than the gas pressure P3 in reservoir 16. Each

branch borehole 7, 9 and the main borehole 5 are provided

N:\M\TS6208PCT
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with a respective wellbore casing (not shown), whereby
the casings of the branch boreholes 7, 9 are connected to
the casing of the main borehole at the respective

wellbore junctions 10, 12 in a sealing manner.

Referring further to Fig. 2, the branch borehole 7 is
provided with tubular wellbore casing 22 cemented in the
branch borehole by a layer of cement 24. A valve 26 is
fixedly arranged in the casing 22 by means of a lock
mandrel schematlically indicated by reference numeral 28,
the valve having a central longitudinal axis 32 which
forms an axis of symmetry of the valve. In Fig. 2 the
valve 26 1s shown in two different modes of operation for
the two different sides relative to the axis of
symmetry 32. Arrow 30 indicates the direction from the
reservolr 16 to the junction 10 (cf. Fig. 1). The
valve 26 includes a tubular housing 34 having a fluid
inlet 36, fluid outlets 38a, 38b, and a fluid passage 40
providing fluid communication between the inlet 36 on one
hand and the outlets 38a, 38b on the other hand. The
fluid inlet 36 and the fluid outlets 38a, 38b are
arranged such that fluid flowing through the borehole 7
in the direction of arrow 30 flows via the inlet 36 and
the fluid passage 40 to the outlets 38a, 38b. The
housing 34 1s provided with an annular valve seat 42
extending around the fluid passage 40, and a closure
member 44 movable relative to the housing 34 in
longitudinal direction thereof between an open position
(indicated at the upper side of axis 32) in which the
closure member 1s remote from the valve seat 42, and a
closed position (indicated at the lower side of axis 32)
in which an end surface 46 of the closure member 44
contacts the valve seat 42. The shape of the end
surface 406 matches the shape of the valve seat 42 so that
the fluid passage is closed when the closure member is in

the closed position. A compression spring 48 is at one
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end thereof biased against the closure member 44 and at
the other end thereof against an adjustable stop ring 50
arranged in the housing 34, the spring 48 exerting a
force F to the closure member 44 when the latter is in

the closed position.

The closure member 44 is provided with a central

bore 52 having an internal shoulder 54 defining a
transition between a larger diameter part 52a and a
smaller diameter part 52b of the bore 52, the larger
diameter part 52a being closer to the valve seat 42 than
the smaller diameter part 52b. The larger diameter

part S52a of the bore 52 is provided with a plug 56
removable from the bore 52 in the direction of the fluid
passage 40 by application of a selected fluid back-
pressure 1n the smaller diameter part 52b relative to a

fluid pressure in the fluid passage 40 when the closure

memper 1s 1n the closed position.

The main borehole 5 (Fig. 1) is provided with a
valve 60 arranged between the reservoir 18 and the
wellbore junction 12, and the branch borehole 9 is
provided with a valve 62 arranged between the
reservolxr 20 and the junction 12. The valves 60, 62 are
similar to the valve 26.

During normal operation hydrocarbon fluid, for
example natural gas, is to be produced a) from
reservolir 20 only, b) from reservoirs 20 and 18
simultaneously, or c) from reservoirs 20, 18 and 16

simultaneously. Before start of production the fluid

pressure Py 1n the upper part of the main wellbore is at

a level so that the pressure differences across the

valves 26, 60, 62 is such that the closure members 44 of
the respective valves 26, 60, 62 are in their closed

position. When it is desired to produce gas from

reservolr 20 only (option a), the pressure Py in the

upper part of the main borehole 5 is gradually lowered by
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opening production control valve 15 until the pressure

difrference (P3-Pp) across the valve 62 exceeds the spring

force F, whereupon the valve 62 moves to the open
position and fluid is produced from reservoir 20 through
the production facility 14.

When thereafter it is desired to produce gas from
reservolrs 20 and 18 simultaneously (option b), the

pressure Pp 1n the upper part of the main borehole 5 1is

gradually further lowered by further opening production

control valve 15 untilil the pressure difference (P>-Pg)

across the valve 60 exceeds the spring force F, whereupon
the valve 60 moves to the open position and gas is
produced from reservoirs 18 and 20 to the production
facility 14.

When 1n a next phase it is desired to produce gas
from reservolirs 16, 18 and 20 simultaneously (option c),

the pressure Pg 1n the upper part of the main borehole 5

1s gradually even further lowered by even further opening
production control valve 15 further until the pressure

difference (P3-Pp) across the valve 26 exceeds the spring

force F, whereupon the valve 26 moves to the open
position and gas 1s produced from reservoirs 16, 18 and
20 to the production facility 14.

In case fluid 1s to be transferred from surface into
one or more of the branch boreholes 7, 9 or the lower
part of the main borehole 5, said fluid back-pressure is
applied at the downstream side of the respective
valve(s) 26, 60, 62 thereby removing the plug(s) 56 from
the bore(s) 52 so that fluid can be transferred through
the bore(s) 52 in the direction opposite the
direction 30.

Furthermore the wvalves 26, 60, 62 prevent flow of
fluid from one reservoir into another since the
valves 26, 60, 62 prevent fluid flow in the direction

opposite to the direction 30.
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Production of fluid in an order different than the
order a), b), c) described above can be achieved by

adapting the spring forces F of the springs 48 of the

respective valves 26, 60, 62 accordingly.
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CLAIMS:
1. A wellbore system comprising:

a maln borehole and at least one branch borehole
arranged to produce hydrocarbon fluid from an earth
formation to a common hydrocarbon fluid production facility;

and

a plurality of valves, each valve of said
plurality of wvalves being fixedly arranged in a

corresponding one of said boreholes;

each valve of the plurality of valves having a
passage for a stream of fluid flowing from an upstream side
of the valve to a downstream side of the valve, a closure
member movable relative to the passage between an open
position 1in which the closure member allows fluid to flow
through the passage and a closed position in which the
closure member closes the passage and a spring exerting a
spring force to the closure member biasing the closure

member to the closed position;

whereiln the closure member of each valve 1is

exposed to a drag force exerted by a stream of hydrocarbon

fluid passing through the fluid passage of the valves, said
drag force biasing the closure member to the open position

thereof;

wherein the spring force moves the closure member

into the closed position i1if the spring force exceeds a

selected lower limit of the drag force.

2. The wellbore system of claim 1, wherein each valve
1s orliented in the corresponding borehole in a manner that

the closure member i1s biased to the open position thereof by
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the drag force exerted by the stream pumped through the

e
p—

borehole 1n downward direction thereof.

3. The wellbore system of claim 1, wherein each wvalve
1s oriented in the corresponding borehole in a manner that
5 the closure member of the valve is biased to the open

position thereof by the drag force exerted by the stream

flowing through the borehole in upward direction thereof.

i The wellbore system of claim 1, wherein the spring
forces of the springs of the valves are mutually different.
10 5. The wellbore system of any one of claims 1-4,

wherein the common hydrocarbon fluid production facility is

P
p—

provided with valve means for controlling the flow rate o:

F

hydrocarbon fluid produced from each of said boreholes.

pr——

6 . The wellbore system of any one of claims 3-5,

15 wherein the closure member of each valve is provided with an

- -
h—

opening allowing flow of fluid from the upstream side of the

valve to the downstream side of the valve via said opening,

the closure member further being provided with a plug

closing said opening, the plug being removable from the

20 closure member in the direction of the upstream side of the

valve by the application of a selected fluid pressure in the

corresponding borehole at the downstream side of the valve.

N et

7 . The wellbore system of claim 1, wherein said at

g

least one branch borehole comprises a plurality of branch

25 Dboreholes, the valve of each branch borehole for controlling

transfer of hydrocarbon fluid between the main borehole and

the branch borehole.

SMART & BIGGAR

OTTAWA, CANADA

PATENT AGENTS
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